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PHYSICS OF CELLULAR SYHTHMESIS, CRUVWIH AFD DIVISION
HGR 39-009-008

Status Report for July 1, 1968 - December 31, 1962

INTRODUCTION

Host of the activity wndex this gramt can be seen by looking at the
sepasrate reports. What is not so easily spparsnt is the degree of unity
that is felt amoung the fzculty and students who are working on thia projsct.
There are frequent smzll seminars held by sub-groups, for evample one on the
structure of the cell, and there is considerable interaciion on each of the
specific avreas as research results arrive. One of the objectives of the
original proposal was to develop a group with competence in the general avea
of the function of & small é@l%&ﬁd this we hope to be able to bring usefully
te bear on problems when they arise. We are currently doing some thinking
shout the analysis of soil from the Moon whem it 1is available; we are wonder-
ing whether there will be any possibility of obtaiwnlng some and specifically
working on it. In any event, on demand, our group stands ready to do specific
work on this subject.

The productivity of the group has been high during this repﬁtm period,
as evidenced in part by the list of publications, and its contributions &o
the Summer Colloguium on Theoretical Biology and Blophysics at Travervse Civy,
Michigan, was congiderable. We are golng to attend the future one in Fort

Colline, though not im guite such large numbers.

The ability to attwact good students and to develop good Ph.D.s who are
serving usefully has alrveady shown itaself. Beveral enamples of recent
graduates who are sevving acceptably are: Brent Beuson, Assistant Professor of

Physics at Southern Illimois University; William Bershard, Postdoctoral
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Research Aspociate at Avgonne National Laboratoryy D. J. Chapean, Medieal
Bicphysics Seciion, Atomic Energy of Cavada, Ltd.; L. J. Brady, Postdoctorsl
pogition at Caxﬂagig Institution of Washisgtony 8. J. Kantor, U, £alif.
Biomedical Research Group at Los Alamos; €. David Lytle, Physivist with
Departwent of Health Education snd Welfare at Roclivilie, Maryland.
He think that the sum of the individual contributione is probably net

so great as the whole sntity that is present here in the Unlversity.

INDIVIDUAL REPURTS

1. Bacteriophage Studles in Pilamentous Cells. W. Ginona

wr vadioasutographic studies in the rveplicating T4 DA o UW-induced,
septa-free filaments of E. coll ® have shown that this DNA pool zemains
logalized and confined throughout the latemt period in & volume Q3»éjp3}
which is seall welative to the length (meximum studied, @Q}u} of the filaments.
Aleo they reveal that recombination frequency between two co-infecting T4
eober mutants falls off sharply a8 the average length of the filamentous
host celle increases. These vesults meke topological sense, siwe gemetic
recombination must follow physical centact between two interacting genowmes,
aad these contacts are expected to decrease with Iinereasing cylindeical
volume of the cell, preovided that the replication pool is tethered to a
replication site on fhe bacterial nesbraue.

The abesence of pepta inside the filamentouws cells that mey be a barrier
to diffusing macromeolecules, such ss DFA spd erzyme woleculer, was confirmed
in the following way. Two different T4 mmtants, am B22 (polymerase™ ) and ts
156 (thermal-semsitive polymerase) were made to co-infect £ilaments ab an
w-.0.%. of 0.5 each and the infectious complexes allowsd to develop at 30°C
for 50 min. Amber alose does pot grow om this sw bost, but the ts mmtant

which does wight be euxpected o supply the polymerdse reguired for wveplication
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of the suwber genome at & distal site provided there is no mewbrane {septum)
barvier. This expectation has been borne out as shown by plating the progenies
on selective hosts and at permissive aud cop-permissive temperatures. The
decresse in the freﬁuemsy of recombination with filement length, wmentioped
above, is thus not due to sspta formaticon.

Prom this observation we ave led £o the conclusion that the veplicating
DA pool of T4 43 a compact mess. This raises some intriguing gquestions as to
its properties. Is the app&remt'aomgac&nase due to tangling by random
incestuous sating known to take place amomg the replicating pool DHAT How
large ls the vegetative poocl relative to & normal cell volume, and is thie
queation relevant to the observed wvaristion in the number of vecombinants
agong individual cells of a population in mating experiments? Will the effici-
ency of multiplicity reactivation, & well kuown phenomenon in radicblology, be
affected by filament length? Can functiopal vescue alonme {l.e., without

genetic recombination) explain multiplicity reactivation?

i

2. Structure of Ribusomes of Chromatold Bodies., R. . Horgan

In last June's progress report the vesults of wy first attempt at
reconstructing the three-dimensional electron density of & single ribosome,
from the Fourier transform of an jmage of a section through a Chromateld Body,
were given. These resulte have since beem published im Sciemce 162, 670, 1968,
and reprints ave enclosed. |

In ovder to perform these calculations, I assumed that the phases of the
transform could be taken from those calculated from & set of points arranged
with the same helical symmetry as these riboscmes. This asssumptionm, though
plausible, forced the reconstructed ribosomes to have a two-fold (or dyad)
axis of symmetry, perpendicular to the helical axis, a resuls which, as 1 then

stated, was not necesszrily a true feature of these ribosomes.



Since that time I have chiefly engaged in checking and refining thege
caleulations. I have approsched the problem of phase determination both
optically (with my own optical diffractouster) and computationally, with a
combination of acamﬁing microdensitometry of ome helix of the elestron micro-
graph and IBM 360 computation of the Fourler transform of these members. This
iatter approach was strongly urged by the originstors of the technlque of
raconstrection, Drs. DeRosier and Klug. It waz wmade possible by the kindness
of Technical Operations, Imc., ﬁﬁxzﬂngt@mg Masa., who furnliched gratis a
trial run of my wicrograph on their scanning microdensitometer. (If I am to
ewploy thigs extremely powerful asid to reconstruction regulaxly in the future,

I will need eltber to purchase or remt Lhe use of this msjor i{tem of eguip-
ment . )

Al this time X have gone far enough to see that the computational approach
to phase determination will allow me to make a reconstruction that is both
free of the unwanted perpendicular dyad axils of symmetry anﬁg morecver, has
‘ﬁm other questionable assumptions built into it. The resules of this new
regonstruction are ne%fly but net yet raady, epnd it should be prssible to

aive & full description of it inm my next report.

3. The Punctions of Honsense Codons. 8. Person

Of the 64 code words im the genetic code only 61 have been shown to specify
amino acids; the other three, called nonsense codone, have been shown either
in vivo or in vitro (or both) to cause the termination of polypeptide synthesis.
These three code words are UAG, UAA and UGA. When a transfer RNA is present
in the cell that can recognizme VAL, cell growth is esignificently decreased,
even in mutrient medium. The transfer RWAs that can recognize UAA are called
ochre suppressovs. These suppressors are produced by single base substitutions

in DHA triplets specifying the anticodonz of transfer RWAs that ere one base
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different from the cowy lsment of UAA. After mutatiown, the tramsfer RuS,
enticodon is complementary to UAA.

Cur work in the past six months has been to contimve to charscterize
eells containing oéhr@ suppressors so that we con determine the molecular
mechanisms by which UAA codons fusmction in protein synthesis. Amber and
ochre suppressor tRNAs arve named according to the amino 2cid inserted. For
exawple, the amber suppressor tRWA cavszing the insertion of serine is called
a class 1 awbey suppressor. R@aém&iy we were able to convert pavticulay
amber suppressors to their corrvesponding ochre suppressors uwsing specifis
autagons. In this way cells containing a2 class 1 ochre suppressor were
dervived from cells contalning a class 1 asber suppressor. We bave exsmined
the beta-galactosidase and transeriptase activities in these two types of
cells as well as in the original parent cell that contains no suppressors
at all, These two eneymes are the progimsl and distal enzymes in the gesetic

vere
message of the lac operon in E. goll. Oellszfgrown in the same growth media,

harvested, and extracts examined for the {wo enzyme activities. Total protein
in the extract was aleo determined uwsing the method of Lowry. fur finding
{manuscript now in preparstion) was that rthe enuvwe wnilts/mp of protein were
sepalliest in the extracts from cellz containing ochre suppressors. This
confirms our previcus belief that UM codons have s mormal regulatory functiom

in protein synthesis and that cells contsining a tRUA that recognizes UAL

{ochre suppressor} interferes with that fumction.

4, Work inm Dr. Pollard’s Laboratory.

TEMPERATURE EFFECTS OW FHAGE T4 (W. Soloske). Following the discussions
at Traverse City this past summer, it became apparvent thet the method of
melting of phage DNA might be an important factor 4un the thermal insctivation
of viruses. With this in view specilsally directed experiments were mede %o

see whether in the process of phage inactivation the supansion of DHA zud the



disruption of the protein code were factors in lmectivation. Bxperiments show
guite clesarxly that this is the case becauss DNAase {m Cthe presence of the
haated phage grestly potentiates the daa&xmm&&mn of the virus sven though the
anzyme cannot penstrate the cell in the ovdinmsry way. We thus have evidence
that the hesting effect causes some kind of rupture in the protein code.

This is an interesting new view of the wethod of inactivation of viruses by
heat and 18 2 significant comtribution to that fileld,

PRESSURE EFFECIS o &Eﬁﬁssﬁﬁs AND ENZYMES (C. B. Hildebrand). Eallowling
another suggestion that developed at the Traverse City Collogulum, the ides
that local pressure effects might be influential In systems contalining hydro-
shobic regions, work has been initisted on locking for hydrostatic pressure
effects on such systems.

Work hes been started om the coucept thet distertion of vibosomes might
permit the reading of the genetic codsz in such & way as to allow phage to
ggwaﬁap in cells where they had been unsble ¢ complele their tramslation.
Such systems are the famous smbeyr systema; in non~permissive hosts such
virusea do not f£infsh their cycle. We have tried one or two of these systewms
using hydrostatic pressure to sze whether am increased vizus yield is obsevved.
The vesults would be interpreted as misreading due to the distortion of the
ribosomes. The suggested effecits sre seem, but they are complicated by the
high rate of revertants {which could also be a secoundary explanation for the
experiment). Thue sithough this lime of work iz socouragiog. it has besn
dscided to move the pressure studies Into thresz other arveas.

He have already had some success in showing that hydrostatie pressure
does influence temperature~gensirive enmymes. OCells which heve 5 tempeoratures
sensitive rate of DMA synthesis show that thers is a veduced zmount of
synithesis when pressure fas applied. We ave going to follow this wp, bub we

are wmoye interested in examining a2 cell free system fu whizh we directly
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teok at the influence of pressure on ribosomes. Im addition, we are gaing
to look at the induction of 2 prophage under pressure.
This work has been set uwp in 2 new laboratory and looks as though it

should be productive.

5, Memory end Learming. 4. Reke

The laboratory is being eqmﬁ@ped* to a) study the biockemletzy of
legrning and memory in mice, b) culture neurens in tissue culture, ¢}
study genetic relationships of organisms and the evolution of genetic Ha
sequences. HMogt of the necessary eguipment has ervrived and is, after suitsble
modifications, opevable. Mouse tyaining and the effects of drugs on mice
have been {uitisted. Plant material for the genetic studies has been
collected from the surrounding area oy procured from other couvntries, and

sowe of these have been finduced fo grow in tissue culture.

6., Effects of High Suger Concentratioms on E. coli. P. Schele

N

Subtlie wariations im the constituents of hypertonic medis have been
found to be important in determining whether or not B. goli placed in such
media will be plasmolyzed., Purity of the water used is one factor. Investi-
gation {s underway to establish what these crucdal ingredients are, and how
cells which sre not plasmolyzed achieve their osmotlic equilibrium. We have
already obtained RUBATOUE descriptive data on both the plasmolytic and the
non-plasmolytic vesponsé, but neither the cause unor the mechanism of the

non-plasmolytic response has been sstadblished.

Microscopic Study of Cells. P. Schele and H. Dalen.

Continued use has been made of a scanning electrom wmicroscope o study

uicroextensions on cultuved Chang's liver cells, in situ, at variows stages

% Dr. Rake joined the Biophysics group in September.



of the division cycle. It appeare that @icrﬂviiii become attached to the
substrate during interphase and whea the c¢ell rounds up for division these
wmicrovilli form thé.diﬁaﬁz ends of long retraction fibrils. After division
the cytoplasm spreads back imto the flattened imterphase configuration by

following these same retrvaction flbrile.

7. HNerve-Muscle Relationships in Imsects. ¥. Smyth, Jz.

It £s well hknown that acetylcholine, the excitatory neurcmussular
transmitter substance of vertebrates, ie released in muitimelecular psckets.
In certain insect muscle fibers which receive inbibitory as well as exciisg-
tory innervation; Mvs. Greer has demonstrated that the inhiblitory tranemitiev
s similarly pachkaged. Thiz was done by observing the elsctrical response of
the muscle fibers to transmitter release in an lonle environment which enbavced
the response to inhlibitory tramsmitter. Resting fibers were found Lo show
gpontanecus minlature hyperpolarising potentials at random intervalz., When
the caleium/megnesium ratio was sufficiently low, seurally evoked Inhibitery
post-junctional potentials besecame smaller, eventually failing in a2 stepwise
manner. %he sizes of the steps were the same as the spontaneous winlsturse
hyperpolarisations. Bach minfature hyperpolariszation is taken to reflect
the sscape of 2 packet of transmitter. An lwpulse im the ishibitory meuron

permits the synchronous release of several packets.

8. Microspectrophotometryv. 6. K. Strother

HWork during this report pericd has been difegte& towards solving some of
the probleme concerned with preparing red blood cells for analysis with the
microspectrophotometer. Various medis were tried in order to reduce diffractiom
effects; a 50% glycerol solution, mined with .67 NaCl to preserve platelet
form, w&s\ﬁﬁn&lly.chasen@ The problem of the cells slowly drifting out of

the wicvoscope field of view still has not been completely solved. However,
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the best tecknigue found to date iz to depoplir the blood cells onm 2 309 mash

£3

{40 wieron openingy.coated olectroo micvoscope grid. With sevexsl cells paw
vpening, drifting lo sinienl ev zuve. .

Some effort has beepn divected towards apalysis of staiped eplithelial
cancer ceile, prepaved by Dr. §, Bteln., The cellis ars belug scanned gt Fixad
wavelengths to dstedming the dye distributicn. Freliminery vecults indicats
that differential staining »f wewbrane vs cyloplasw is belng obisluad,

depending wpon the dye being used.

9. Bediobiolosicsl Studies of Acmeous DA Solutiomg. W. B. Taylox

4, Bingle L1404, 1% has besn found that single-stvanded
§R174 DRA cam be prepaved in pure doubly distilled water by exhaustive dialysis
and that the biological activity of this DNA does not decrease if the solutions
are fromen, To restere the full blological activity the sall concentxation
must be raised to 0.5 Molar and then lowered to .01 Molar for assay.

Using this system and the addithbn of specific radical gscavengers asuch
as potassium lodide, sucrose, broth, ete., the complex dose vespounse of the
infectivity of thip DEA can be divided inte o slmple exponential direct
effect, an exponential effect due to the veactlion of UH radicale, and an
effect saturating by 100 kr tentatively sasigred to veactions of aquecus
electrons and/or hydrogen atoms.

The studies ave continuing and will be correlated with strand-break
measurenents which were performed simultanecusly.

B. Double-stranded DMA. Brudies of vadiatioun deamage to the replicating

fovm, B¥, of E174 INA have been wede in ovder to compare the effects of

single~strand bresks caused by gamma-ravs with those caused by pancrestis

Tsse on the infectivity of BP in & protoplast assay. 32?&3&&@&@@ RY frozen

Lo @ & a 22
at ¥7E and ivradiated with 50

G0 gemms-veys was separsted by sucrese gradient
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sedimentation into two components accerding Lo the presence or dhsence of
single-strand breaks, and the 32? activicy and biological activily aof these
camponents messurad. Similar analyses were made on DMise~tyeated 3¢, The
data show that eiﬁgiemstrand bresks ceuee legs than 10% of the obserred
killing, 907 or more being due to radiation effects other than stran breaks.

The vature of this demage and the mechaniswe of its production ave undor

investigatiom.

10. Magealisn-Cell Research. P. Todd.

The projects described in the Augusi, 1967, Stases Eegmxt* have been
vnder continued pursuit with the fellowing findings:

4, Modification of Badiation Bffects

1. Tzwporal fluctuations in radiation semsitivity occur im cells
harvested from confluent monolayer cultures, and the fluctuztions ave due fo
the synchronous passage of cells through a division cyele, as deterwined by
‘radicaustography with 3H»thymiﬁine and witotic monitoring.

2. The caercisostatic drug methotrezate bas no immediate effeect on
the radlation semsitivity and vecovery of cultured humsn liver cells. Theve
are at least two divect effects of this drug on these cells, one related to
thymidylate synthesis and one or more related to the scheduled completion of
mitosis. The reversibility of these effects by thymidine and by folate
coenzynes differs.

3, The extrxeme sensitivity of mitotic cells te ionizing radiation

appears to be related to the frequency of luterchromatid bridge formation in
cells irradisted in late prophase and esrly mestaphase.

4. Preliminaxy evidence indicates a temporal correlation of inty@~
cellular thiol content and/or distribution with radiation resistance inp

partially synchronized cell populations.

#® Dr. Todd was on leave of absence from August, 1967 to August, 19268,



B. Propertics of Cultured Cell Surfaces.

1. Glycoprotelins perticipate in the attachment of cultured cells
te plastic surfaces.

2. Ionic and bydrophobic bonds erve both important in adhesion of
eells to polystyrene.

3. Increased suvface charge density on the substratum enhances
wobility of cells in the absence of serum.

4. Cells wan be cultured on'miliipaze filters for preparatiom
for electrom mlcroscopy. FElectron wicrographe show a prepondersnce of wmicrow
villl on the upper surfaces of attached cells but on the lower surfaces only
when the substratum is sufficiently porous to allow microvilli to penetrate.

3. There is an lncreased weactivity of chevged grosps due to proteine
bound arginine on cell surfaces or membranes during mitosis and a=companying
prher conditions that free cells from the substrvatum, such as infection by
Herpes simplex virus.

6. Scamming electron micvoscopy, in conjunction with ordinary cyto-
logy, reveals that cultured humsn liver cells maintain many of thelr surface
‘eantacts through mitosis ny means of long microextensiouns which persist
although the cells become spherical during witosis.

7. Scanning electron micvoscopy has revealed cell surface structurss
associated with intercellular chrematin bridges.

€. Ultraviolet Fhotobiology.

1. A Chinese hamster cell mutant with 21 chrowmosomes has been found
te be sensitive to ultravielet light. Its vate of reversion to wild type lies

1000 to 19»55.

somewhere in the ramge 107
2, Thers is no obviocus relationship between inherited celiulax

sengitivity to lomizing radiation and semsitivity to wltraviolet iight.
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